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Lupus Antibodies for Passive Immunotherapy of HIV/AIDS 

Pursuant to 35 U.S.C. §202(c) it is acknowledged that the U.S. Government has certain rights in the invention 
described herein, which was made in part with funds from the National Institutes of Health, Grant Numbers: 
5 HL59746, AI31268 and AI46029. 

FIELD OF THE INVENTION 

Preparation and use of antibodies that bind microbial antigens, more particularly a conserved determinant of 
10 gpl20 and neutralize HIV, for the purposes of immunotherapy and immunoprophylaxis against HIV. 

BACKGROUND 

Antibodies (Abs) contain variable (V) domains at which contacts with antigens are established. The nature and 
number of these contacts determines the binding specificity of Abs. The human Ab repertoire, defined as the 
15 number of Abs with different V domain sequences, is estimated at 10 ll -10 12 , each with a potentially different 
antigen binding specificity. 

Recent developments in molecular biology have enabled the development of novel methods whereby medically 
useful Abs can be isolated from the natural human repertoire and can be improved further by protein engineering 
techniques. An appreciation of Ab structural organization is helpful in appreciating the scope of the present 

20 invention, and a brief review of this aspect follows. 

Contacts with antigen epitopes occur mainly at the complementarity determining regions (CDRs) and to a lesser 
extent the framework regions (FR) of Abs (Fig 1). Ab diversity is generated by the following processes: (a) 
inheritance of about 50 germline genes encoding the V domains of each of the two Ab subunits, the light (L) and 
heavy (H) chains; (b) combinatorial diversity brought about by linkage of different L and H chains within the Ab 

25 structure; (c) junctional diversity generated during recombination of the V and joining (J) gene segments of the L 
chain, and the V, diversity (D) and J gene segments of the H chain; and (d) rapid mutation occurring in the 
complementarity determining regions over the course of B cell clonal selection, a process entailing binding of 
the antigen to Abs expressed as components of the B cell receptor (BCR), and resulting in stimulation of division 
of the B cells expressing BCRs with the highest binding affinity. An additional level of diversity is offered by 

30 the use of different constant domains by Abs, that is, the |i, 5, y, a and e regions of the H chain and the K and \ 
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chains of the L chain. Early in the ontogeny of the immune response, Abs contain \i or 5 constant regions. Later, 
isotype switching occurs, and the u75 regions are replaced by y/a/e m more differentiated Abs. 

The purpose of Abs made by the healthy immune system is to protect against pathogens. Such Ab responses are 
usually mounted upon exposure to foreign antigens, e.g., in microbial infection. However, in some cases the 
5 human immune system makes Abs that react with some foreign antigens even without prior exposure to the 
foreign antigen. For example, Abs to viral antigens are found in patients with autoimmune disease without 
evidence of infection, e.g., e.g., Abs to human T lymphotropic virus (HTLV-1) in lupus patients and Abs to 
certain retroviral antigens in multiple sclerosis. In the case of HIV-1, uninfected patients with lupus or with 
mixed connective tissue disease are known to express Abs to the envelope protein of the virus (1,2). 

10 In many cases, the protective immune responses against microbes in infected subjects are insufficient to control 
infection. This occurs, for example, in humans who are immunodeficient. Furthermore, many microbes use 
immune subversion mechanisms to establish infection, with the result that infected individuals produce Abs that 
do not protect adequately in the spread of infection. Monoclonal Abs to microbial proteins that can be 
administered to such individuals as passive immunotherapeutic reagents could provide protection against 

15 infection. 

In the present invention, patients with autoimmune disease are identified as a source of such monoclonal Abs. 
The unique properties of the anti-microbial Abs from patients with autoimmune disease are likely due, in part to 
their unique genesis. These Abs are produced on account of enhanced autoreactive immunological responses. 
The autoantigens serving as targets of immune responses include polypeptides derived from endogenous 

20 retroviral (ERV) sequences found in the heritable genome of higher organisms, some of which are homologous 
in sequence to modern-day microbial antigens. Between 1% and 8% of the human genome is composed of 
ERVs (HERVs), which are thought to have been acquired gradually over the course of evolution. The human 
genome contains about 3 billion bases, of which about 3% are expressed. There is extensive evidence that 
retroviral sequences are expressed in autoimmune diseases, and this process has been proposed as a mechanism 

25 underlying pathogenic autoimmune responses (reviewed in 3,4). 
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SUMMARY OF THE INVENTION 

One object of the invention is to provide a monoclonal Ab or fragment thereof from organisms with autoimmune 
15 disease which recognize viral antigens and neutralize virus infectious capability. 

Another object is to provide a monoclonal Ab of fragment thereof that recognizes the antigenic polypeptide 
products and homologs thereof encoded by human endogenous retroviral sequences (HERVs). 

Another object is to provide a monoclonal Ab or fragment thereof that neutralizes HIV-1 derived from patients 
with systemic lupus erythematosus. 

20 Another object is to provide a monoclonal Ab or fragment thereof that recognizes an antigenic epitope of HIV-1 
homologous to a HERV polypeptide that neutralizes HIV-1 . 

Another object is to provide cell lines from lymphoid cells of lupus patients, which produces Abs that bind to an 
antigenic epitope of HIV-1 homologous to a HERV polypeptide that neutralizes HIV-1. 

25 DESCRIPTION OF DRAWINGS 

Fig 1: Schematic diagrams of an IgG antibody (A) and IgM (B). The CDRs contain the majority of antigen- 
contacting amino acids. Mutations can be introduced into the CDRs to improve antigen binding affinity. 
Combinatorial VL-VH diversification is an additional means to improve antigen-recognition properties. Heavy 
chain constant region domains are responsible for antigen-stimulated effector functions. cDNAs from cloned 
30 antibody V domain repertoires are inserted into vectors containing the heavy and light chain constant domains, 
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allowing expression of full-length antibody molecules. IgM antibodies are pentameric structures presenting a 
total of 10 antigen binding sites. The monomers are held together by S-S and the J (joining) chain. IgA 
antibodies (not shown) are dimeric structures containing four antigen binding sites, held together by the S 
(secretory) piece. 

5 Fig 2: Homology of the consensus nucleotide sequence encoding gpl20 residues 422-432 with HERV 
rv_85283. Identities ( | ). 

Fig 3: Concept of protective antibody responses to microbes in patients with autoimmune disease owing to 
breakdown of tolerance to HERV peptide products. 

Fig 4: gpl20 domain structure and model of gpl20 trimer. Determinant 421-436 is highlighted as an Ab 
10 target. From Kwong, P.D. et aL, J. Virol 74(4): 196 1-72, 2000. 

Fig 5: A, Structure of CD4 binding site of gpl20.. Contact and proximate residues in the CD4 binding site are 
shown in red and green. Residues 421-436 are shown in cyan and green. From Kwong et aL, Nature 393:648- 
659, 1998. B, Homology at residues 421-436 in selected group M HTV subtypes. C 9 Inter-dade TTTV-1 
relationships determined by envelope homology analysis. 

15 Fig 6: Single chain Fv (scFv) and its examples of its engineered variants. Shown are the VL and VH 

components of IgG, designated Fv (A); the Fv expressed as a fusion protein on the surface of Ml 3 phages (B), 
soluble Fv isolated from the periplasm or culture supernatant of bacteria, some of which can form intermolecular 
aggregates (C), the Fv assembled as a tetravalent bundle (D) or recloned as IgM (E) to increase binding avidity, 
the Fv containing a linker that is optimized to allow improved interfacial VL-VH pairing and reduce aggregation 
20 as needed (F), and affinity matured Fv obtained by combinatorial VL-VH diversification and CDRH3 
mutagenesis in vitro (G). 

Fig 7: Characteristics human lupus Fv and light chain libraries cloned in phagemid vector pHEN2 and 
pCT5his6, respectively. PBL, peripheral blood leukocytes. Insert length and diversity (% clones with unique 
sequences) determined by dideoxynucleotide sequencing of 10 and 9 randomly picked Fv and light chain clones, 

25 respectively. Library size is the total number of clones recovered following electroporation of the DNA into 
bacteria. Expression levels determined by dot-blots for the c-myc tag using periplasmic extracts. Bottom left, 
Anti-c-myc stained blot of SDS-gels of SDS (2%) extracts of lupus Fv phages, light chain phages and control 
phages packaged from pHEN2 harboring bacteria (12 pmol). The fusion protein and its breakdown products are 
visible as an anomalously migrating 99kD and 72-90 kD bands. pHEN2 phages show a 72 kD fusion protein (p3 

30 expressing a 23 amino acid peptide at its N terminus). For methods, see Paul et aL J. Biol. Chem. 276:28314- 
28320, 2001. 
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Fig 8: Selection of phage anti-gpl20 antibody fragments from lupus libraries (A); and, correlated binding 
of lupus antibody fragments to full-length gpl20 and synthetic gpl20(421-436) (B). Shown are ELISA 
values for Fv and L chain clones isolated by prior binding of phage particles to immobilized gpl20 and synthetic 
gpl20, respectively (selected clones) or picked randomly from the unfractionated source libraries (unselected 
5 clones). N= number of independent clones. A, Top, Immobilized synthetic gpl20(421-436)-BSA conjugate. A, 
bottom, Immobilized full-length gpl20. B, Plotted are selected Fv and L chain clones displaying A490 > 0.3 in 
Fig 1. Fv clones shown are: JL409, JL413, JL437 ( ♦ ) and JL427 ( ■ ). L chain clones are SKI 8, SK45, SK41, 

SK51 ( A ). P = 0.0004 for regression line (computed by excluding Fv JL427; r = 0.24, P = 0.15 with 
inclusion of this Fv). Data are corrected for binding by periplasmic extracts of bacteria harboring the vector 
10 without Ab insert [A490 0.10 and 0.14 for gpl20(421-436) and gpl20 binding, respectively]. Recombinant Ab 
expression determined for 10 clones was 1 .9 ± 0.5 (s.e.m.) mg/liter bacterial culture. 

Fig 9: Concentration-dependent binding of immobilized gpl20(421-436) ( ■ ) and full-length monomer 
gpl20 ( ♦ ) by lupus antibody fragments (A-C) and specificity of binding to immobilized gpl20(421-436) 
(D). Ab fragments purified by metal affinity chromatography, m D, Fv JL427 (46 pg/ml) was assayed for 
15 binding in the presence of soluble gpl20(421^36), bovine serum albumin (BSA), thyroglobulin (Tg) and 
calmodulin (CaM) (1 uM). Insets, silver stained SDS-polyacrylamide electrophoresis gels (8-25%) showing 27 
kD purified Ab fragments purified (right lane in each panel) and marker proteins (left lane; from top to bottom, 
94, 67, 43, 30, 20, 14 kD; Pharmacia). 

Fig 10: Deduced V domain amino acid sequences of gpl20 binding clones isolated from lupus patients. 

20 Complementary determining regions (CDRs) are highlighted. A, Fv JL413; B, Fv JL427; C, L chain SKI 8 

Fig 11: Concentration-dependent HIV-1 neutralization by purified lupus antibody fragments. A & B, 

HTV-1 strain ZA009 (clade C). C, HTV-1 strain BR004 (clade C). Host cells: PBMCs. Values are percent of 
P 24 concentrations in wells containing HTV treated with diluent instead of Abs (in PBS). Four culture replicates 
analyzed individually for p24 concentration (means, sem). 

25 

Description of the Invention 

1. Endogenous retroviral antigens as stimulants of Abs to foreign antigens in autoimmune disease 
Polyclonal Abs to HTV gpl20 are present have been detected in the sera of patients with lupus and mixed 
30 connective tissue disease (1,2). The Abs to found in sera from lupus patients are of interest as protective factors 
against HTV infection, as they bind at a comparatively conserved detenninant of gpl20 composed residues 421- 
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436 [hereafter designated gpl20(421-436)]. However, a study using a synthetic peptide corresponding to 
gp 120(42 1-436) as irnmunogen in experimental animals reported that Abs to this peptide display no HTV-1 
neutralizing activity (3). Consequently, there has been little interest in developing such Abs for passive 
immunotherapy of HTV-1 infection. 

5 Synthetic peptides do not necessarily fold into the conformation adopted by the corresponding peptide epitopes 
found as components of larger proteins. Therefore, the results with experimentally induced Abs to gp 120(421- 
436) does not predict the properties of naturally occurring Abs to this region of gpl20 found in lupus patients. 
The clinical literature contains anecdotal evidence suggests the possibility of a negative correlation between 
HIV-1 infection and lupus (4,5). However, no controlled epidemiological studies have been conducted to 
10 establish whether patients with lupus are at lower risk of contracting HTV-1 infection or developing AIDS. 
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Table L Identification of a HERV sequence element homologous to the consensus 
nucleotide sequence encoding residues 422-432 (nucleotides 1249 -128I)JDatabftse 
homology searches were carried out using query sequences A-D as follows: 
A 5 1 -aaacaaartataaacatgtggcaggaagtaggaaaagcaatgtatgcc— 3 1 
B 3 1 -tttgtttaatatttg-tacaccgtcctrcatqGttttcgttacatacgg-S 1 
C 3 1 -ccgt^tgtaacgaaaaggatgaaggacggtgrtacaaatattaaacaaa-S 1 
D 5 1 -ggcatacattgcttttcctact:tcctgccacatgtttataatttgttt-3 1 
Initial searches were done using (he HERV database hftn://HERV.farig-cas.cz y 
The four query sequences correspond to all four insertion orientations into the two host 
DNA strands. Query A and B yielded no Wt Identities value correspond to the region of 
best match. Chromosomal location was confirmed by repeat searches using Genbank. No 
homologies between the queries and known expressible human proteins was obtained in 
these searches. 



Immune responses to endogenous retroviral (ERV) sequence polypeptides occur frequently in patients with 
autoimmune disease. The inciting irnmunogen for formation of Abs to gpl20 by lupus patients is not known. 
We conducted database searches for endogenous human antigens expressing homology with the nucleotide 
15 sequence coding gpl20 residues 421-436, the epitope recognized by the lupus Abs. No detectable homology 
with conventional human antigens was detected. Homology between certain self antigens [HLA class I heavy 
chains, VIP and neurolikin] are known (6-8), but these homologies do not fall within gpl20 residues 431-436. 



6 



WO 2004/087738 PCT/US2004/009662 



Searches in a newly available human endogenous retroviral (HERV) sequence database (9) identified a sequence 
displaying unmistakable homology with the gpl20 422-432 region. This HERV is located on chromosome X. By 
searching the human endogenous retroviral (HERV) sequence database (9), we identified a HERV sequences 
located in chromosome X displaying homology with this region of gpl20 (GenBank number AL592563.7; Table 
5 1 ; Fig 2). Two additional HERV sequences with homology to the 421-436 region of gpl20 were evident. These 
sequences correspond to nucleotides 1394-1443 of a HERV-L family member and nucleotides 1254-1304 of 
another HERV-L family member, but the alignments contained 1 and 4 nucleotide gaps, respectively. Translated 
into the polypeptide sequence, the HERV element shown in Fig 2 display identities at 8 of 15 gp 120 amino acid 
positions, and 5 of the ? mutations involve chemically similar amino acids according to the scale of Grantham 
10 (24). Gpl20 residues 429-436 displayed homology with HERV element rv_062846 (GenBank AL391989.9; 4/8 
amino acid identities; 2/4 mutations involve chemically similar amino acids; nucleotide identities corresponding 
to this region of gpl20, 17/24). 

Most HERVs were originally identified by the human genome sequencing project, which sequenced the DNA of 
only a few individuals. HERVs are highly susceptible to sequence divergence in different human subpopulations. 

15 Moreover, nonexpressible HERVs are known to be rendered expressible by mutation and transposition events in 
autoimmune disease (10,11). This leaves open the possibility that lupus patients may express gpl20-related 
HERVs distinct from the general population. HERVs are found integrated in genome in the sense and anti-sense 
orientations. These can be fragments or full-length viral genes (12). HERVs are often located adjacent to 
expressed genes and fulfill a regulatory function. The long terminal repeats characteristic of HERV sequences 

20 often encompass promoters and enhanced (10,11). Other HERV sequences are expressed as polypeptides and 
fulfill essential biological functions, e.g., syncytin, a HERV-encoded protein that mediates cytotrophoblast 
fusion into the syncytial trophoblast in the placenta (13). The majority of HERV sequences are yet to be 
assigned their biological function. HERV sequences containing nonsense codons can be converted into 
expressible genes in lupus patients by stop codon inactivating mechanisms (14) such as replacement mutations, 

25 deletions and insertions. Expression of HERVs in PBMCs of different individuals is highly variable (15) and 
HERV expression can be tissue-selective (10). Increased HERV expression in lupus is reported (16), and 
production of Abs to HERV encoded polypeptides has been described in lupus patients (17). These Abs may 
cross react with self antigens such as Sm and snRNP (18); and HERV sequences are suggested to function as T 
cell superantigens (19). Links between HTV and HERVs are evident from these observations: sequence 

30 homology between the junctional HIV gp41-gpl20 env region and a HERV element homologous (20); sequence 
and functional homology between a HERV-K polypeptide and the HIV Rev protein (21); and, binding of anti- 
HIV Abs to polypeptides in baboon placenta thought to be ERV-encoded (22). 
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From an evolutionary perspective, HERV sequences may fulfill a beneficial role, in that transpositions and 
mutations of these sequences probably facilitates emergence of proteins with new functions. On the other hand, 
frequent HERV involvement in autoimmune disease may be due to lack of immune tolerance to the new proteins. 
In comparison, immune tolerance to ancient proteins has presumably developed gradually over the course of 
5 evolution. HERV sequences are more susceptible to 'genetic drift' than conventional expressed proteins, and 
production of differing HERV-products in different subjects remains possible. As noted previously, HERV 
expression is often increased in patients with autoimmune disease compared to the general population. This may 
be explained by genetic changes in individual germ cells that convert HERV sequences from nonexpressed to 
expressed elements, e.g., via stop codon inactivating mechanisms. 

10 2. Isolation of homogeneous Ab fragments to gpl20 residues 421-436 

In view of the foregoing considerations, we explored the determinant composed of residues 421-436 as 
a target of Abs to HIV. Table 2 shows the extent to which the amino acid sequence of this epitope is 
conserved in diverse HIV-1 strains. The frequency of the consensus amino acids in each of the positions is 
better than 80% except for residues 424, 429 and 432. This region of gpl20 is one of the most conserved 
1 5 potential targets of Abs. 



20 



Residue 421 422 423 424 425 426 427 .428 429 430 431 432 433 434 435 436 

Lys Gin lie lie Asn Met Trp Gin Glu Val Gly Lys Ala Met Tyr Ala 

Strains, # 349 380 355 251 331 319 379 367 158 333 373 161 366 324 382 377 

Freq,% 91 99 92 65 86 83 99 96 41 87 97 42 95 84 99 98 



Table 2. Frequencies of consensus amino acids in gpl20 residues 421-436. Number of strains from which the 
25 consensus was derived is indicated (all strains available in the Los Alamos database). Frequency refers to: (# of 
strains expressing the indicated residue x 100/total # of strains). 



Example I explains our reasoning for using lupus patients as the source of human monoclonal Abs to this region 
30 of gpl20. As described therein, HIV-1 infected individuals are not a suitable source of the desired Abs, as 
infection by HIV-1 is dominated by immune responses to the hypennutable variable regions of gpl20. We 
sought to prepare homogeneous Abs to gpl20 from lupus patients because polyclonal lupus Ab preparations 
studied previously do not allow unambiguous determination of epitope specificity. Moreover, polyclonal Abs are 
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mixtures of individual Ab species with various antigenic specificities, and they can not be used for passive 
immunotherapy. 

The procedures employed in the present invention to develop homogeneous Abs to gpl20 from lupus patients 
are described in detail in Example n. Briefly, these procedures consisted of: 

5 • Preparation of the expressed Ab repertoire of lupus patients. For this purpose, two types of repertoires 

were prepared, single Fv constructs containing the VL and VH domains, and the light chain subunits. In 
both cases, mRNA from lymphocytes pooled from several lupus patients served as the starting material. 
The cDNA corresponding to the desired VL domain, VH domain and light chain repertoires were 
obtained by reverse transcriptase-polymerase reaction and cloned into phagemid vectors that permits 
10 expression of the Ab fragments on the surface of phage particles or in soluble form in a bacterial 

expression host 

• Fv and light chain clones specific for gpl20 were isolated by binding of phages displaying these Ab 
fragments to immobilized gpl20. The Fv and light chains were then expressed in soluble form and 
purified to electrophoretic homogeneity. 

15 Example II provides details concerning the functional behavior and molecular properties of the resultant Ab 
fragments. Screening of the Fv and light chains obtained by these procedures identified several clones that 
displayed binding to gpl20 determined by ELISA methods. In general, binding of gpl20 was correlated with 
binding to synthetic gpl20(421-436) peptide. This indicated that residues 421-436 constitute the main epitope to 
which the lupus Ab fragments are directed. 

20 Sequencing of the V domain cDNAs of these Ab fragments indicated the presence of highly mutated CDRs. 
This provided evidence that the Ab fragments are products of an antigen-driven maturational process leading to 
specific recognition of the antigen. 

The functional usefulness of the Ab fragments of the present invention is evident from their ability to block the 
infection of human peripheral blood mononuclear cells (PBMCs) by primary HIV-1 isolates. Details of the 

25 methods and results are provided in Example EL PBMCs contain T lymphocytes as well macrophages that are 
infected by HIV-1. Infection of the cells is monitored by measuring p24 antigen by enzymeimmunoassay. 
Treatment with two lupus Fv fragments blocked the infection of three diverse strains of HTV-1, drawn from 
clades B, C and D (Table 3). A lupus light chain fragment blocked infection by two strains drawn from clades C 
and D but was ineffective for the clade B strain. Dose response curves for the neutralization of HIV-1 by these 

30 Ab fragments are shown in Example EL 
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Ab B t 23135 B.SF-162 C.ZA009 C, BR004 D, Ug046 

IC50 IC90 ICSO IC90 ICSO 1C90 IC50 tC90 IC50 IC90 

SKIS L chain >S4 nt nt 0.1 2.3(0.7.1.00) nt nt 133 18.8(6.6.1.00) 

JL413 Fv 25.6 44.6(4.2,0.99) 2.2 97.7(0.4,0.99) 0.1 16.1 (0.5,1.00) 0.1 2.8(0.7,0.98) 1.0 10.0(1.0.0.97} 

JL427FV 22.4 36.7(4.5,0.97) nt nt 0.3 S. 7 (0.7, 1 .00) nt nl 6.5 12.7(2.6,0.95) 

b12laG nt nt 1.1 14.1(0.9,0.94) nt nt 9.0 333(0.6.0.89) nt nt 



Table 3, HIV-1 neutralization by lupus Ab fragments. Values are reported as UQ Ab fragment/ml yielding 50% (IC50) and 90% 
(IC90) neutralization. In parentheses are, respectively. Hfli slopes and squared correlation coefficients for curves fitted to the equation: 
% HIV neutralization = i<>o%/[1+lo w ^^ eon ^^ xftori8pe)> ]. Curves forced through origin (zero neutralization); Hill slope value held as 
a variable parameter, nt not tested. 

The Ab fragments of the present invention can be readily improved by various protein engineering methods 
familiar to persons skilled in the art as follows. Example m describes some of these methods. Briefly, the 
5 engineering techniques consist of: 

• Recloning the Fv constructs as full-length IgG, IgM and IgA to provide for increased half-life in vivo 
and increased avidity of virus recognition. When administered to animals, Fv constructs display half- 
lives in blood on the order of hours. In comparison, the half-life of full-length Abs in blood can be as 
large as 2-3 weeks. Recloning the monovalent Fv as IgG, IgM and IgA provides for 2, 10 and 4 antigen 

10 binding valencies, respectively. This is useful in some instances because multivalent binding improves 

the apparent antigen binding strength, known in the art by the term avidity, 

• The sequences of VL, VH and linker domains can be varied by mutagenesis to improve the biological 
activity of the Ab fragments. The mutants are then expressed on the surface of a display vector as 
described above and allowed to bind the virus or a pure viral antigen. This allows separation of the 

15 mutants with the higjiest virus binding affinity, which in turn can be anticipated to result in improved 

virus neutralization capacity. The mutagenesis process for the VL and VH domains improves the 
antigen binding strength on account of establishment of improved contacts with the antigen. The 
mutagenesis of the linker peptide that joins the VL and VH domains is designed to improve the 
interfacial contacts of the VL and VH domains, which allows these domains to form superior antigen 

20 binding cavities. 

• The VL domain obtained from lupus Abs can be paired with the VH domain of other Abs directed to 
gpl20, e.g., the known human Abs clones bl2, Sl-1 and F105. This can improve the binding strength 
to the virus and also result in changes in epitope specificity that can improve the virus neutralizing 
activity. 

10 
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3. Identification of novel Abs by screening for HERV binding 

As disclosed herein, Abs that recognize HERV polypeptides may fulfill a protective function against modern-day 
microbes. The theoretical underpinning for this expectation is that expression of HERV sequences has become 
an integral component of host-microbe relationships over the course of evolution. In this theory, we conceive 
5 that the key nucleic acid sequences of microbes encoding polypeptides against which host organisms can mount 
protective immune responses axe integrated into the host genome as a subversion mechanism. Once integrated 
into the host genome any expressed HERV sequences are treated by the host immune system as self-antigens, 
and tolerance to HERV antigens (and to important microbial antigenic epitopes) develops in the course of 
normal tolerogenic mechanisms in the developing immune system that limit the immune responses to self- 
10 antigens. These mechanisms consist of various antigen-directed T and B cell clonal silencing and abortion 
events that are directed at precluding autoimmune disease. Under physiological circumstances in organisms 
without autoimmune disease, the presence of HERVs may be conceived, therefore, as a mechanism used by 
microbes to impair host cell immune responses, allowing infections to occur more readily. 

In autoimmune disease, on the other hand, there is a break-down in tolerance to self-antigens. Consequently, 
15 tolerance to HERV polypeptide products also breaks down, and protective Abs are apparent in patients with 
autoimmune disease. These concepts are illustrated schematically in Fig 3. 

Accordingly, identification of Abs that bind HERV polypeptides specifically is a novel route to obtaining 
protective anti-microbial Abs that are useful for immune therapy applications. A preferred source of such Abs is 
patients with autoimmune disease. Certain methods to identify anti-HERV Abs are described in Example IV, 
20 and other methods can be conceived that yield the same result. An outline of the strategy is as follows: 

• HERV sequences with homology to modern-day microbial proteins are identified by database searches, 
available, for example at Blastn and the HERV database, http://herv.img.cas.cz. D NA sequences 
corresponding to antigenic epitopes 5-7 of the microbial antigenic target are first identified, as the 
minimum length of an antigenic epitope is generally thought to be 5-7 amino acids (15-21 nucleotides). 

25 The epitope to be targeted is generally selected based on its functional importance. For example, in the 

case of HIV, it is beneficial to choose an antigenic epitope blockade of which can be expected to result 
in inhibition of binding to host cell CD4 receptors, and, consequently, inhibition of viral entry into host 
cells. The level of statistical significance for determination of homology with the query sequence 
depends on several factors, including the number of nucleotides that are identical to the query and the 

30 number of gaps that in the identities. Several software programs are available to judge the significance 

of the homology (e.g., ref 23). Equally important when assessing homology is the likelihood of 
structurally similarity between the query peptide epitope and the HERV peptide epitope. For example, 
dissimilarities at certain amino acids can result in large structural changes, e.g., introduction of a Pro 
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residue can disrupt the helical structure of an epitope. Reference 24 describes an algorithm to assess 
peptide sequences based on the chemical similarity of their component amino acids. This algorithm can 
be employed to identify the best HERV candidate antigens for the isolation of Abs. 

• Abs that bind the HERV antigenic peptide are isolate using Ab repertoires displayed on a suitable vector 
5 as described in the preceding section. Alternatively, cell lines can be prepared from the lymphocytes of 

the donor organism by transformation with Epstein-Barr virus or by forming hybridomas using a 
myeloma cell line, and the Abs secreted by the cell lines can be tested for binding to the HERV peptide 
by conventional immunoassay methods. 

• Once the HERV peptide-binding Abs have been isolated, they are analyzed for their ability to block 
10 microbial infection. In the case of HIV, fpr example, PBMCs are used as hosts and the infection is 

measured based on determination of the HEV antigen p24. 

4. Administration of antibodies 

The Abs described herein are generally administered to a patient as a pharmaceutical preparation. 

The pharmaceutical preparations of the invention are conveniently formulated for administration with an 
15 acceptable medium such as water, buffered saline, ethanol, polyol (for example, glycerol, propylene glycol, 
liquid polyethylene glycol and the like), dimethyl sulfoxide (DMSO), oils, detergents, suspending agents or 
suitable mixtures thereof. The concentration of the Abs in the chosen medium will depend on the hydrophobic 
or hydrophilic nature of the medium, as well as the other properties of the Abs. Solubility limits may be easily 
determined by one skilled in the art. 

20 As used herein, "biologically acceptable medium" includes any and all solvents, dispersion media and the like 
which may be appropriate for the desired route of administration of the pharmaceutical preparation, as 
exemplified in the preceding paragraph. The use of such media for pharmaceutically active substances is known 
in the art Except insofar as any conventional media or agent is incompatible with the Ab to be administered, its 
use in the pharmaceutical preparation is contemplated. 

25 Conventional passive immunization methods are be employed when administering the Abs. In a preferred 
embodiment, Abs will be infused intravenously into the patient. For treatment of certain medical disorders, steps 
must be taken to ensure that sufficient amounts of the molecules reach their target cells to exert a biological 
effect. 

The lipophilicity of the molecules, or the pharmaceutical preparation in which they are delivered may have to be 
30 increased so that the molecules can arrive at their target locations. Furthermore, the Abs of the invention may 
have to be delivered in a cell-targeted carrier so that sufficient numbers of molecules will reach the target cells. 
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Methods for increasing the lipophilicity and targeting of therapeutic molecules, which include capsulation of the 
Abs of the invention into Ab studded liposomes, are known in the art. 

The Abs that are the subject of the present invention can be used as Ab fragments or whole Abs or they can be 
incorporated into a recombinant molecule or conjugated to a carrier such as polyethylene glycol. In addition any 
5 such fragments or whole Abs can be bound to carriers capable of causing the transfer of said Abs or fragments 
across cell membranes as mentioned above. 

The pharmaceutical preparation is formulated in dosage unit form for ease of administration and uniformity of 
dosage. Dosage unit form, as used herein, refers to a physically discrete unit of the pharmaceutical preparation 
appropriate for the patient undergoing treatment. Each dosage should contain a quantity of active ingredient 
10 calculated to produce the desired effect in association with the selected pharmaceutical carrier. Procedures for 
determining the appropriate dosage unit are well known to those skilled in the art 

The pharmaceutical preparation comprising the Abs may be administered at appropriate intervals, for example, 
twice a week until the pathological symptoms are reduced or alleviated, after which the dosage may be reduced 
to a maintenance level. The appropriate interval in a particular case would normally depend on the condition and 
15 the pathogenic state sought to be treated in the patient 

The Abs suitable for passive immunotherapy will fulfill the standard criteria for acceptable prophylactic or 
therapeutic agents: (1) Binding of the target peptide antigen by the Abs will lead to a beneficial change in a 
pathological process by either functionally inactivating the target peptide antigen; and (2) Administration of said 
Abs will result in a favorable therapeutic index such that the clinical benefit gained outweighs the morbidity 

20 associated with any side-effects. Discussions of how such criteria are established for the acceptability of 
prophylactic or therapeutic agents are common in the art can be found in such texts as Guide to Clinical Trials by 
Bert Spilker, Raven Press, New York, 1991. Acceptable criteria for demonstration of efficacy include, for 
example, in the case of tumor therapy, a reduction in tumor volume, time to progression and improved survival. 
In the case of HIV immunotherapy, efficacy is determined by measuring viral burden in the blood, CD4+ T cell 

25 counts and the incidence of opportunistic infections. 

Conventional monoclonal Abs that act to inhibit the frmction of particular target molecules are among the most 
common type of therapeutic agent under development for clinical use by biotechnology and pharmaceutical 
companies. Some of these have shown substantial clinical promise. For example, in the field of organ 
transplantation, an Ab (OKT3) which binds to the T cell receptor has been employed to deplete T cells in vivo. 
30 Additionally, Abs are being used to treat graft v. host disease with some success. A clinical trial has been 
established which is assessing the ability of anti-CD4 Ab to deplete a subset of T cells in the treatment of 
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multiple sclerosis. Accordingly, methods of administration of Abs are well known to clinicians of ordinary skill 
in the art. 

The HERV peptides disclosed in the present invention can also potentially be used as prophylactic vaccines 
designed to elicit protective Ab responses against the desired antigens. For example, the peptides can mixed 
5 with a suitable adjuvant formulation such as alum can be administered intramuscularly at a dose optimized for 
maximum Ab synthesis, and two or three booster injections can be administered at 4 week intervals, until the Ab 
concentration in the serum reaches plateau levels. The protective immunity so generated is anticipated to last for 
several years, because vaccination will result in formation of specific, long lived memory cells that can be 
stimulated to produce Abs upon exposure to the offending organism. Descriptions and methods to determine the 
10 Ab concentrations are set forth in the Examples. Because Ab synthetic response to most antigens are T cell 
dependent, an appropriate T cell epitope can be incorporated into the immunogen by peptide synthesis. 
Alternatively, a carrier such as keyhole limpet hemocyanin can be conjugated to the HERV peptide vaccine via 
coupling through Lys side chain amino groups or Cys side chain sulfahydryl groups to maximize the Ab 
response if necessary. 

15 While certain of the preferred embodiments of the present invention have been described and specifically 
exemplified above, it is not intended that the invention be limited to such embodiments. Various modifications 
may be made thereto without departing from the scope and spirit of the present invention. The following 
examples are provided to facilitate an understanding of the present invention. 
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Example 1 

25 Identification of sources of antibodies suitable for HTV immunotherapy 

Despite progress in therapy of HTV infection, development of effective immunotherapies and vaccines for HIV 
remains an urgent need. Drugs like azidothymidine and retroviral protease inhibitors reduce viral burden. 
However, viral variants resistant to the drugs can develop, drug withdrawal can result in reestablishment of 
infection, and there are significant side effects. Recently, consensus has developed that both effector arms of the 
30 adaptive immune response, i.e., Abs and cytolytic T cells, are important in achieving protection against HIV-1 
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(1,2). Cytotoxic T cell responses correspond temporally with reduced viral burden in HIV-infected subjects. 
However, in vaccination strategies relying on cytolytic T cell responses, escape variants of HIV have been noted 
to develop (3,4). Cytolytic T cells lyse infected host cells - they do not inactivate cell-free virions and thus do 
not offer the possibility of sterilizing immunity. That the humoral immune system can protect against HIV is 
indicated by the identification of monoclonal neutralizing Abs that serve as entry inhibitors and control infection 
in the SHIV macaque model, e.g., Ab bl2 directed against the CD4 binding site (CD4bs) of gpl20, Ab 2G12 
directed against a mannose-dependent epitope of gpl20 and Ab 2F5 directed against gp41 (5-7). These Abs 
neutralize many but not all HIV-1 strains, prompting their use as cocktails in animal protection experiments (8). 

Consideration of the Ab responses in HIV-infected subjects is instructive for development of HTV 
immunotherapeutic strategies. Proteolytic cleavage of the gpl60 precursor at Arg511-Ala512 by a host cell 
protease produces gpl20 and the integral membrane protein gp41. gpl20 is expressed as a non-covalent trimer 
on the viral surface (Fig 4). It's binding, to host cell CD4 receptors, followed by engagement of the chemokine 
coreceptor, initiates infection. In most HIV infected individuals, the Ab responses are ineffectual in controlling 
the infection. This is because of various immune diversionary techniques deployed by the virus. 
Immunodominant epitopes of the env proteins are also its most mutable regions. Most Abs to gpl20 in infected 
individuals or produced by immunization with monomer gp!20 are directed to a linear determinants in the V3 
loop, the so-called principal neutralizing determinant (9,10). Anti-V3 Abs are usually strain-specific, i.e., they do 
not neutralize HIV-1 strains with altered V3 sequence developed in the course of infection or divergent strains 
from different geographical locations. Additionally, gpl20 can undergo conformational changes upon 
interaction with host cell CD4 receptors/chemokine coreceptors. Several studies have described Abs that 
recognize neoepitopes induced after gpl20 binds CD4 [e.g., 11]. A different class of Abs directed to the more 
conserved residues implicated in CCR5 binding may express broader neutralizing activity (12). 
Insights to CD4-gpl20 complexation have come from: (a) the X-ray structure of a ternary complex of truncated 
gpl20 complexed with CD4 and the Fab fragment of a neutralizing Ab (clone 17b) (Fig 5A), and (b) site 
directed mutagenesis in the relevant segments of gpl20 (13-16). The CDS binding site (CD4bs) is a 
discontinuous determinant composed of amino acids located in the 2nd, 3rd and 4th conserved segments, i.e., 
residues 256, 257, 368-370, 421-427 and 457. Abs to the CD4bs are infrequent in infected individuals, but they 
are sometimes elicited by immunization with gpl20 (17,18). The CD4bs is susceptible to conformational 
changes when the gpl20 trimer dissociates into monomers (19), which may account for lack of broad 
neutralization by some Abs to the CD4bs of the monomer. Several linear peptides containing residues 421-436 
have been tested as immunogens to raise Abs (20-24). This determinant is largely but not fully conserved in 
different HIV strains. It is important to note that effective neutralization by an Ab that relies on steric hindrance 
mechanisms may require near-complete masking of the CD4bs. The greater the surface area of CD4bs occupied 
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by the Ab paratope, the more the steric masking and the lesser the probability of viral escape due to CD4bs 
structural differences. 

Abs raised by immunization with synthetic peptides containing the comparatively conserved residues 421-436 of 
gpl20 (Fig 5B) have been considered as possible HIV-1 neutralizing reagents. These Abs consistently recognize 
full-length gpl20 and gpl60 (20-24) and gpl20 expressed on the surface of cells infected with diverse HIV 
isolates (21). Less consistent is their ability to inhibit HIV infection (20,21). Some of these Abs inhibit binding 
of gpl20 by soluble CD4 but not by CD4 expressed on the cell surface (22,23). Variations in Ab neutralization 
activities may be due to fine differences in contacts between the Ab paratope and the CD4bs as discussed in the 
preceding paragraph. Such differences are not at all unlikely because the small peptide immunogens could 
assume varying conformations depending on their microenvironment, including contacts with carrier proteins). 
In our own studies, we noted marked carrier protein effects on the reactivity of Abs to synthetic gpl20(421-436) 
with full-length gpl20 (24). Moreover, although the overall structure of the CD4bs is sufficiently preserved to 
ensure binding to CD4, the reactivity of Abs with different HIV-1 strains can be influenced by sequence 
polymorphisms within and outside the CD4bs. 

In addition to entry inhibition mechanisms, anti-fflV-1 Abs may interfere with viral replication and packaging if 
the Abs enter infected cells. Binding of gpl20 by intracellular calmodulin is necessary for viral propagation, as 
revealed by the effect of calmodulin antagonists (25). Aspl 80 located between the VI and V2 regions of gpl20 
is critical for viral replication (26). Certain full-length Abs are described to traverse the cell membrane. Because 
of their small size, engineered fragments of anti-HIV-1 Abs may enter cells more readily than full-length Abs. 

Lupus and HIV may be related reciprocally. Several papers have commented on rare diagnosis of HIV infection 
in lupus patients (27-32). In the U.S. one report estimates the expected number of cases coexistent lupus and 
HIV-1 infection to be 400, but only 20 have been encountered (27). Interpretation of the relationship between 
lupus and HIV is complicated by certain common clinical and serological features of the two diseases (33). 
Similarly, the demographic and behavioral patterns of lupus patients may contribute to a lesser incidence of HIV 
(lupus occurs mainly in women; i.v. drug use and unsafe sexual habits in lupus patients were not strictly 
monitored but some effort has been made to take these factors into account in the published studies, refs 27-32). 
Alleviating these uncertainties is the fact that there are no known lupus patients who contracted HIV infection 
due to blood transfusion between 1978 and 1983 prior to institution of blood screening procedures [lupus 
patients receive transfusions, for example, following hemolytic episodes] (28). This suggests the existence of a 
specific resistance factor in lupus patients. Clinical amelioration of lupus following HIV infection is a well- 
accepted phenomenon (29-31). Similar results are reported in a mouse model of lupus exposed to retroviral 
infection (34). 
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Alterations in cell mediated immune responses in lupus are described, but no simple relationship of these 
changes with susceptibility to HIV infection has been seen. CD4+ cells are somewhat decreased and CD8+ cells 
are increased in lupus patients (35). CD4+ cells are hosts for HIV, and HIV-specific CD8+ cells have been 
implicated in fulfilling a protective role in HIV-infected individuals. No information is available about the 
5 presence of HIV-specific CD8+ cells in uninfected lupus patients. Enhanced production of Abs, a hallmark of 
lupus, is a potential resistance factor. Importantly, polyclonal Abs capable of binding gpl20 are described both 
in lupus patients and mouse models of lupus (13,14). As noted previously, a critical factor influencing HIV 
neutralization is the epitope specificity. Lupus Abs display an epitope specificity distinct from the anti-gpl20 
HIV Abs found in HIV-infected individuals. The former recognize linear peptide composed of residues 421-436 
10 (36,37). As this determinant is important in gpl20 binding to CD4, the Abs can interfere with HTV entry into 
host cells. 

Based on these considerations, we explored the lupus repertoire as a source of Abs suitable for HTV 
immunotherapy. 
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Example 2 

Recombinant antibodies to gpl20 from autoimmune patients 

Renewable and homogeneous sources of well-characterized Abs are needed for passive immunotherapeutic 
30 applications. Traditional methods to clone Abs from humans consist of immortalizing lymphocytes derived from 
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peripheral blood (or lymphoid tissues obtained by surgery), for example by transformation with Epstein Ban- 
virus followed by fusion with a myeloma cell lines. The resultant hybridoma cell lines are screened for 
production of the desired Abs, for example by measuring the binding by ELISA. 

Methods are also available to clone the expressed V domain repertoire of Abs in the form of libraries displayed 
5 on a suitable surface. The Ab fragments can be cloned as single chain Fv fragments (Fig 6) or the light chain (L 
chain) subunits. Fv constructs usually reproduce faithfully the binding activity of full-length IgG Abs (e.g., 1). 
Previous reports have documented the antigen binding activity of L chain subunit independent of its H chain 
partner, albeit at reduced strengths compared to native Abs (2,3). The V domains of the Fv fragments are usually 
linked by S-S bonds or by peptide linkers. Cloning of Fv repertoires is usually accomplished by recovering 

10 mRNA from lymphocytes and amplification by the reverse transcriptase-polymerase chain reaction. Similar 
procedures can be employed to clone the V domains of individual Abs produced by hybridoma cells. Mixtures 
of primers are employed to capture as large a proportion of the expressed repertoire as possible (e.g., 4). The 
primers anneal to comparatively conserved FR1 and FR4 nucleotide stretches located at the 5' and 3' ends of the 
V domains, respectively, allowing amplification of V domains belonging diverse V gene families. To obtain 

15 expressible Fv constructs, the VL and VH domains are cloned into a suitable vector containing a short flexible 
peptide and an inducible promoter. Transformation of bacteria with this vector followed by induction of the 
recombinant protein (e.g., using IPTG if the vector contains the lac operon) allows production of the desired Fv 
repertoire. Several molecular engineering maneuvers have enhanced the practical utility of this system. 
Including a leader peptide at the N terminus permits secretion of the Ab fragments into the bacterial periplasm, 

20 which helps avoid denaturation problems attendant to formation of intracellular inclusion bodies. Peptide tags 
such as the his6 tag are incorporated into the protein to enable rapid purification by metal affinity 
chromatography. The length and constitution of the peptide linker is an important variable in ensuring the 
appropriate intramolecular VL-VH interactions. With certain linkers, intermolecular VL-VH pairing can occur, 
resulting in formation of Fv aggregates (Fig 6). The V domains can also be expressed in the form of Fab 

25 fragments containing full-length light chains linked by a disulfide bond to the VH-CH1 fragment of the heavy 
chain. The antigen binding activities of Fv and Fab constructs can approach those of full-length Abs, but loss of 
affinity due to the absent native Ab structure is sometime observed. 

Once Ab repertoires cloned in bacteria are available, the next task is to isolate the minority of individual Abs 
with the desired antigen recognition characteristics. This can be accomplished using display technologies (4). 
30 Vectors permitting display of recombinant proteins on the surfaces of phages, retroviruses, bacteria and yeast 
have been developed. For example, fusion proteins composed of Ab fragments linked to a phage coat protein are 
expressed from phagenrid or phage vectors in bacteria. Replication-incompetent helper phages are then added, 
allowing packaging of recombinant phages with functional Abs displayed on their surface. M13 filamentous 
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phages are commonly used for this purpose, with the coat protein p3 or p8 located at the C terminal end of the 
Ab fusion protein. The packaged phages contain single stranded DNA encoding the Ab fusion protein. 
Fractionation of phages based on binding of the displayed Abs to immobilized antigen yields, therefore, the 
VL/VH genes of Abs with the desired specificity. As in routine affinity chromatography, phage binding can be 
5 conducted under conditions of increasing stringency to yield Abs with progressively increasing affinity. 
Phagemid vectors are useful because a codon at the junction of the Ab and phage coat protein genes is read as a 
sense codon by bacteria employed to package phages and as a stop codon by bacteria employed to obtain soluble 
Ab fragments free of the phage coat protein sequence. 

Lupus anti-gpl20 antibody fragments. We used the foregoing technologies to isolate anti-gpl20 Ab fragments 
10 from lupus patients. We prepared the following phage displayed libraries (Fig 7; ref 5): (a) human lupus L chains 
(from 3 patients) cloned in pCANTAB5his6 vector; and (b) human lupus single chain Fv constructs (from 2 
patients) in pHEN2 (vector kindly provided by Center for Protein Engineering, MRC, England; patent 
WO9201047-A, GenBank accession 1926701). The Fv library was cloned as VL-linker-VH [linker: 
SS(GGGGS)2GGSA)] constructs. Following hypotonic lysis of erythrocytes in peripheral blood leukocytes 
15 (from 100 ml blood), total RNA was isolated, a cDNA copy prepared using forward primers, and the cDNA for 
full-length L chains and the VH, Vk and VX domains was prepared by PCR (corresponding to residues 1-214; 
1 - 123; 1 - 107; and, 1 - 107, respectively; Kabat numbering). Primers used were: 

(a) Human full-length L chain; 
20 V l k back (Sfi I site underlined) - 

GTCCTCGCAACTGC GGCCCAGCCGGCCA TGGCCGACATCCAGATGACCCAGTCTCC/ 

GTCCTCGCAACTGC GGCCCAGCCGGCCA TGGCCGATGTTGTGATGACTCAGTCTCC, 

GTCCTCGCAACTG CGGCCCAGCCGGCCA TGGCCGAAATTGTGTTGACGCAGTCTCC/ 

GTCCTCGCAACTG CGGCCCAGCCGGCCA TGGGGGACATCGTGATGACCCAGTCTCC, 
25 GTCCTCGCAACTGC GGCCCAGCCGGCCA TGGCCGAAACGACACTCACGCAGTCTCC , 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGAAATTGTGCTGACTCAGTCTCC; 



Ck forward (Not I site underlined) CCATCC TGCGGCCGCA CACTCTCCCCTGTTGAAGCTCTT; 
30 (h) Human single chain Fv : 
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V b K back- see back primers, full-length L chain; V l k forward {Xho I site 
underlined) - 

GCCTGAACCGCCTCCACC ACTCGAG CGTTTGATTTCCACCTTGGTCCC, 
GCCTGAACCGCCTCCACC ACTCGAG CGTTTGATCTCCAGCTTGGTCCC, 
5 GCCTGAACCGCCTCCACC ACTCGAG CGTTTGATATCCACTTTGGTCCC , 
GCCTGAACCGCCTCCACC ACTCX3AG CGTTTGATCTCCACCTTGGTCCC, 
GCCTGAACCGCCTCCACC ACTCGAG CGTTTAATCTCCAGTCGTGTCCC; 



V L X back (Sfi I site underlined) - 

1 0 GTCCTCGCAACTGC GGCCCAGCCGGCCA TGGCCCAGTCTGTGTTGACGCAGCCGCC , 
GTCCTCGCAACTGC GGCCCAGCCGGCCA TQGCCCAGTCTGCCCTGACTCAGCCTGC, 
GTCCTCGCAACTGC GGCCCAGCCGGCCA TGGCCTCCTATGTGCTGACTCAGCCACG, 
GTCCTCGCAACTGC GGCCCAGC CGGCCA TGGCCTCTTCTGAGCTGACTCAGGACCC , 
GTCCTCGCAACTGC GGCCCAGCCGGCCA TGGCCCACGTTATACTGACTCAACCGCC, 

1 5 GTCCTCGCAACTG CGGCCCAGCCGGCCA TGGCCCAGGCTGTGCTCACTCAGCCGTC , 
GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCAATTTTATGCTGACTCAGCCCCA; 



VLA forward (Xho I underlined) - 

GCCTGAACCGCCTCCACCACTCGAGCCTAGGACGGTGACCTTGGTCCC, 
20 GCCTGAACCGCCTCCACC ACTCGAG CCTAGGACGGTCAGCTTGGT CCC, 
GCCTGAACCGCCTCCACC ACTCGAG CCTAAAACGGTGAGCTGGGTCCC; 
CLX forward - TGAAGATTCTGTAGGGGCCACTGTCTT ; 

V H back (ApaL site underlined) - 
25 CATGACCAC AGTGCACT TCAGGTGCAGCTGGTGCAGTCTGG , CATGACCACAGTGCACTTCAGGTCAACTTAAGGGAGTCTGG , 
CATGACCAC AGTGCACT TGAGGTGCAGCTGGTGGAGTCTGG , CATGACCACAGTGCACTTCAGGTGCAGCTGCAGGAGTGGGG , 
CATGACCACAGTGCACTTCAGGTGCAGCTGTTGCAGTCTGC , CATGACCAC AGTGCAC TTCAGGTACAGCTGCAGCAGTCAGG ; 
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V H forward (Not I site underlined) - 

GAGTCATTC TGCGGCCGCG GGGAAGACSGATGGGCCCTTGGT , GAGTCATTCTGCGGCCGCGGGGAAAAGGGTTGGGGCGGAT 
GC; 

5 Cloning of human Fv library in pHEN2 was by a two-step procedure - VH cDNA insertion via the ApaLI/NotI 
sites, and VL cDNA insertion via the Sfiil/Xhol sites. Library sizes were - human L chain, 1 .2xl0 6 ; human Fv, 
1.4xl0 7 . Randomly picked clones (at least five from each library) were sequenced by the dideoxy nucleotide 
sequencing method; 100 and 60 % of the clones, respectively, contained full-length, stop codon-free, non- 
identical sequences. 

10 Two types of phage selections were carried out using the lupus libraries as follows: binding of Fv phages to full- 
length gpl20, and binding of L chain phages to synthetic gp 120(42 1-43 6). Phages displaying the Fv libraries 
were packaged from TGI cells using M13K07 helper phages (10 13 particles) and selected by chromatography on 
recombinant gpl20 (strain SF2: Austral Biologicals) immobilized on Affigel-10 (Biorad) via Lys sidechains (1 
ml gel; 47 ug gpl20/ml gel) using a pH 2.7 buffer for elution of bound phages (6). Similar procedures were 

15 applied to the L chain library except that the library had been preselected by binding to a phosphonate diester 
hapten (compound II in ref 5); this step enriches Abs with nucleophilic activity, see ref 5 discussion section). 
Phage selection was conducted by "panning'' on synthetic gp 120(42 1-436) (KQIINMWQEVGKAMYA, 
corresponding to the consensus sequence of this determinant in clade B strains; 22). The peptide was 
immobilized (Nunc Maxisorp tubes; 10 ug peptide), blocked with 5% BSA, incubated with phages for 1 h and 

20 unbound phages removed by washing withlO mM sodium phosphate, 137 mM NaCl, and 2.7 mM KC1, pH 7.4 
containing 0.05% Tween-20 (PBS-Tween). Bound phages were eluted with 0.1 M glycine-HCl, pH 2.7 and 
neutralized using 1 M Tris base. HB2151 cells were infected with the eluted phages, permitting expression of 
soluble Ab fragments. 

Soluble Ab fragments obtained by expressing selected phagemid DNA in HB2151 bacteria were screened for 
25 binding to gp!20 and gpl20(421-436) by ELISA. Immobilized Cys-gpl20(421-436) conjugated to bovine 
serum albumin (BSA; 10 mol peptide/mol BSA; 230 ng peptide equivalents/well) or full-length monomer gpl20 
(100 ng/well, MN strain, Immunodiagnostics Inc.) were coated on Maxisorp 96-well microliter plates (Nunc; 1 h) 
(6). The plates were blocked with 5% skim milk and incubated with Ab fragments in PBS-Tween containing 
0.1% milk (1 h) in triplicate. Bound Ab fragments were detected using mouse anti-c-myc Ab (clone 9E10; 1:500 
30 delipidated ascites) followed by peroxidase-conjugated goat anti-mouse IgG (1:1000; Fc specific, Sigma). Fifty 
four percent and 26% of selected Fv and L chain clones were bound by full-length gpl20, respectively, and 3 1 % 
and 17% were bound by gp 120(42 1-43 6), respectively (Fig 8A). Except in the case of one Fv clone, binding of 
the two antigens was highly correlated (Fig 8B). 
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Two Fv clones (JL413, JL427) and one L chain clone (SKI 8) were characterized further. Periplasmic extracts 
were prepared following induction with isopropyl-p-D-thiogalactoside and recombinant proteins were purified 
by metal affinity chromatography to electrophoretic homogeneity fthe Ab fragments contain a his 6 tag; ref 5). 
SDS-polyacrylamide electrophoresis was on 8-25% gels, with identity of the proteins confirmed by 
immunobloting using anti-cmyc Ab as described previously (5) (the Ab fragments contain a ten residue c-myc 
peptide close to their C terminus). The electrophoretically pure Fv and L chains from these clones displayed 
concentration-dependent binding to gpl20 and gpl20(421-436) (Fig 9A-C). Competitive ELISA studies were 
conducted in which the recombinant Abs were pretreated with diluent or competitor proteins (1 uM; calmodulin, 
BSA, thyroglobulin; Sigma) f or 1 h and then analyzed by ELISA for binding to gpl20(421-435). No reactivity 
of Fv JL427 with proteins unrelated to gp 120(42 1-436) was evident (Fig 9D). 
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L chain SK-18 



FvJL-413 



FvJL-427 



VL 



VH 



VL 



VH 



Family 
Subgroup 

Germline 
Counterpart 

CDR length* 
1 
2 
3 

Mutations 
R 
S 

R/S CDRs 
R/SFRs 



I 
I 

02/012, Jk1 



11 
7 



4 

3 

1/0 
3/3 



I 



11 
7 
7 



9 
3 

6/0 
3/3 



IV 
II 



L5, Jk4 VH4-59, JH5 



5 
16 
5 



4 
3 

3/1 
1/2 



I V 
I 111 

V1-17, JL3 VH3-48, JH6 



13 
7 
11 



14 
8 

9/3 
5/5 



5 
17 



13 
2 
8/1 
5/1 



10 



Table 4. Characteristics of lupus antibody fragments deduced from V domain sequences. 
R - Replacement mutations; S - Silent mutations. *, number of amino acids. Germline 
counterparts identified from httD://www.ncbi.ntm.nih.aovMbiast . CDRs identified by comparison 
with Kabat database. Mutation counts restricted to 3' termini of V genes. FR1 residues 1-7 
excluded because these are encoded by PCR back primers. Family and subgroup assignment 
from http://immuno.bme. nwu.edu/. cDNA sequences determined in the 5' and 3' directions were 
identical. Alignments with germline V and J genes suggested extensive diversification due to V- 
(D>J recombination. For this reason, germline D genes were unassignable. Fv JL413 contained 
20 and 17 deletions at the VH gene 3' end and J gene 5' end, respectively. 

The Fv and L chain clones were sequenced by standard dideoxynucleotide sequencing methods (Fig 10). 
Comparison of the cDNA sequences of Fv JL413 and Fv JL427 with their closest germline V gene counterparts 
revealed extensive replacement mutations in the regions contributed by the V L and V H genes (Table 4). The 
mutations tended to cluster in the complementarity determining regions (CDRs). The ratios of replacement to 
silent mutations in the six CDRs for each Fv clone was greater than for the framework regions (FRs), suggesting 
adaptive maturation of the V genes by somatic hypermutation processes (8). The V L domain of L chain clone 
SK18 contained 4 replacement mutations, with 1 replacement in the CDRs. Nonetheless, the replacement/silent 
mutation ratio for the CDRs remains greater than for FRs, as all of the silent mutations are located in the FRs. 

Study of neutralization of HIV infection in T cell and macrophage cultures by Abs is established method to 
analyze their potential utility in immunotherapeutic applications. In the older literature, lab-adapted strains of 
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HIV-1 such as strains TTTR and MN were commonly employed as the indicator strains in the assays. However, 
these strains utilize the CXR4 chemokine coreceptor along with CD receptors to gain entry into host cells, and 
are generally more readily neutralized by Abs than the CCR5 chemokine coreceptor primary HIV-1 isolates. 
Similarly, use of peripheral blood mononuclear cells (PBMCs) as the host cells is desirable compared to cell line 
5 hosts, as the former more accurately predict the infection process in vivo. Recently, single-cycle infectivity 
assays designed to measure the entry inhibiting effect of Abs have become available. These assays utilize 
replication-deficient virus pseudotypes expressing gpl20 from defined virus strains and host cell lines expressing 
defined CD4 and chemokine receptors. While these assays have proved useful to determine the neutralizing 
effect of established anti-HIV Abs, it is not clear that they are suitable for screening of Abs with novel epitope 
10 specificities. In our studies, therefore, we employed primary HIV-1 isolates and PBMC hosts to study the 
neutralizing activity of recombinant Fv and L chains isolated from lupus patients. 

HIV neutralization assays using peripheral blood mononuclear cells (PBMC) hosts were carried out as described 
in (9) but with p24 quantification as the measure of infection. The following primary isolates of HTV-1 were 
obtained from the NIH AIDS Research and Reference Reagent Program: ZA009 (coreceptor CCR5, clade C), 

15 BR004 (coreceptor CCR5, clade C), Ug046 (coreceptor CXCR4, clade D) and SF-162 (coreceptor CCR5, clade 
B). HIV-1 primary isolate strain 23135 (coreceptor not known, clade B) was from Dr. Sandra Levine (Univ 
Southern California). Each virus stock was titered in preliminary studies with each batch of donor PBMCs to 
determine the working dilution giving the optimum TCID50. The working dilution was adjusted to give. p24 
signal sufficient to be measured reproducibly in the linear range of the p24 assay after 4 days. The virus in RPMI 

20 was treated in quadruplicate with equal volumes of increasing concentrations (up to 50 jig/ml) of metal affinity- 
purified Fv or L chain in PBS (1 h; TCID50 for virus = 100). Phytohernagglutinin-stimxilated PBMCs from 
healthy human donors (0.25 million) were added to virus- Ab fragment mixtures and incubated for 3 days (37°C), 
the cells washed twice with PBS and once with RPMI1640, incubated in fresh RPMI for 24 h, lysed with Triton 
X-100, and p24 in supernatants measured by an enzymeimmunoassay kit (Beckman Coulter p24 Assay Kit; 

25 linear range 50-3200 pg/ml). Negative controls included the virus (strain ZA009) treated with: (a) diluent, (b) 
metal affinity purified extract of bacteria harboring pHEN2 vector (processed identically as recombinant Ab 
preparations); (c) light chain clone GG63 and SK161 (11 jig/ml, ref 5); and (d) Fv clones JL610 and JL61 1 (2.5 
pg/ml). IgG clone bl2 was kindly provided by Dr. Dennis Burton as a reference Ab. 

Progressively increasing neutralization of strain ZA009 by increasing concentrations of Fv JL413, Fv JL427 and 
30 L chain SKI 8 was observed (Fig 1 1). In control studies, no loss of HIV infectivity (strain ZA009, clade C) was 
evident in the presence of identically purified irrelevant Fv and L chains (control Fv clone JL610 and L chain 
clone GG63 shown in Fig 11; not shown, control Fv clone JL611, 2.5 ng/ml; control L chain clone SK161, 11 
jxg/ml) and the purified extract of bacteria harboring vector devoid of Ab inserts. At the aforementioned 
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concentrations of the control clones, >75% neutralization of ZA009 strain was consistently observed in the 
presence of Fv JL413, Fv JL427 and L chain SKI 8. 

PBMC viability determination following incubation with Fv JL413, Fv JL427 or L chain SKI 8 in the absence of 
HIV-1 (27 ug/ml, 72 h) was by staining with acridine orange (2 ug/ml) and ethidium bromide (1 ug/ml) followed 
5 by counting the viable cells (green fluorescence) using a hemocytometer and a UV microscope. Inhibition of 
infection was not due to a cytotoxic effect, as no loss of cell viability was observed following incubation with Ab 
fragments in the absence of HIV. PBMC viability after treatment with diluent, Fv JL413, Fv JL427 and L chain 
SK18 (Ab fragment concentration, 27 ug/ml) was 81.2 ± 2.8%, 76.8 ± 3.9%, 82.1 ± 4.0% and 79.0 ± 2.8%, 
respectively (150-200 cells counted). 

10 Dose-dependent neutralization of the primary HIV-1 isolates drawn from clades B, C and D by the purified Fv 
clones was observed (Table 2). Strains ZA009, SF-162 and BR004 utilize coreceptor CCR5, and clade D strain 
Ug046, coreceptor CXCR4. The L chain clone neutralized two of the three strains analyzed. Assays using 
independent preparations of the Ab fragments indicated reproducible neutralizing activity [strain ZA009, N=3, 
IC50 for L chain SK18 L chain, Fv JL413 and Fv JL427: 0.4 0.3, 0.2 0.1 and 0.3 0.1 (s.d.) ug/ml, 

15 respectively; strain Ug046, N=2, IC50 for L chain SK18 and Fv JL413: 11.6-13.5 and 2.1-5.5 ug/ml, 
respectively]. Side-by-side comparisons suggested that the neutralizing potency of Fv JL413 was comparable to 
IgG bl2, a broadly neutralizing Ab to the CEMbs. 

These observations indicate that the lupus Fv clones recognize the comparatively conserved gpl20 determinant 
composed of residues 421-436. As the phage Fv clones were isolated by binding to full-length gpl20, their 

20 ability to bind synthetic determinant 421-436 suggests this to be the major epitope recognized by lupus Abs. As 
the phage L chain clones were isolated by binding to synthetic gp 120(42 1-43 6), their reactivity with full-length 
gpl20 indicates the ability of the peptide to assume a conformation similar to the corresponding epitope in full- 
length gpl20. The binding activity was specific for gpl20 and the V domains of the Ab fragments contained 
extensive mutations typical of adaptive maturation. The observed HIV neutralizing properties of the Ab 

25 fragments may reflect a protective role against HIV infection. However, this point must be evaluated in larger 
groups of lupus patients to determine whether the Abs accumulate in, amounts sufficient to neutralize HTV and 
the extent to which combinatorial VL/VH domain pairing in the Fv library replicates the natural pairs found in 
intact Abs. Regardless of caveats concerning their functional role in lupus, the availability of homogeneous 
preparations of broadly neutralizing Abs is of value for their potential immunotherapeutic utility, 

30 The Fv clones displayed cross-clade neutralization of primary HTV isolates dependent on R5 and X4 coreceptors. 
This profile is consistent with the comparatively conserved character of determinant 421-436 in diverse HTV-1 
strains and the contribution by determinant 421-436 of key contact sites for host cell CD4 receptor binding. The 
percent frequency of the consensus amino acids in determinant 421-436 of 384 HIV-1 strains listed in the Los 
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Alamos database is as follows (values in parentheses; all clade A, B, C, D, F, G, H,. J, U, N and O as well as the 
CRF and CPZ classifications are included): Lys(91), Gln(99), He(92), He(65), Asn(86), Met(83),Trp(99),Gln(96), 
Glu(41), Val(87),Gly(97), Lys(42), Ala(95), Met(84), Tyr(99), Ala(98). The sequence polymorphisms are 
located primarily at residues 429 (Glu) and 432 (Lys). Fine structural differences resulting from such 
5 polymorphisms could potentially impact Ab neutralizing activity. Assessing the extent to which the Ab 
neutralizes HIV-1 despite sequence polymorphisms requires additional studies. However, certain initial 
conclusions are available. The two Fv clones neutralized strains ZA009 and Ug046 despite the sequence 
difference at position 429 (Lys and Gly, respectively). Similarly, binding of the Ab fragments to synthetic 
determinant 421-436 from strain SF2 was generally correlated with binding to full-length gpl20 from strain MN, 
10 despite the sequence difference at position 429 (Glu and Lys, respectively). Evidently, the Ab binding and 
neutralizing activities are maintained despite these differences. 

The epitope-specificity of the Fv clones, i.e., recognition of the linear determinant 421-436 sets these clones 
apart from other monoclonal Abs that recognize discontinuous segments of the CD4bs. Variations in the HIV 
neutralizing activity of different Abs to the CD4bs were noted previously (e.g., ref). The fine specificity of the 

15 Abs is an important factor governing their neutralizing activity. In the present study, binding to synthetic 
determinant 421-436 was useful for initial identification of the Abs, but the extent of binding did not correlate 
fully with neutralization efficacy. For instance, L chain SKI 8 displayed low level binding compared to the 2 Fv 
clones, but all 3 Ab fragments neutralized HIV strains ZA009 and Ug046 with comparable potency (Table 2). 
Differences in strain-reactivity of the individual Ab fragments are also evident, e.g., neutralization of strains 

20 ZA009 and Ug046 but not strain 23135 by the L chain. Reports on Abs raised by experimental immunization 
with synthetic peptides also suggest the importance of Ab fine specificity. In one report, polyclonal neutralizing 
Abs were obtained by immunization with a synthetic peptide corresponding to residues 418-445 (1 1). In another 
report, monoclonal Abs raised by immunization with determinant 421-438 failed to neutralize HTV-1 despite 
binding to gpl20 expressed on cells infected with HTV (12). The differing properties of these Abs may be 

25 explained by distinct conformations adopted by the short peptides use as immunogens (peptides can assume 
different conformations dependant on their microenvironment and differences in length). The Abs can be 
anticipated to neutralize HTV-1 only if they generate_sufficient steric hindrance to interfere with the binding of 
CD4. Abs that establish sufficiently strong binding at key residues involved in gpl20-CD4 binding should block 
the latter interaction even without occupying the entire CD4bs surface. In comparison, Abs that bind at CD4bs 

30 residues not directly involved in the interaction with CD4 leave open the possibility of virus attachment to the 
host cell receptor. 
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Example 3 

Engineering improved anti-HIV-1 antibodies 

For the purpose of antigen binding, the V domains are thought to be the minimal functional units. Once anti-HIV 
Ab fragments with the correct specificity are obtained, they can be improved by standard Ab engineering 
5 methods. The feasibility of engineering therapeutic grade Abs is supported by the development of a human Fv 
construct against tumor necrosis factor using a phage library prepared from unimmunized human subjects. 
Recloned as full-length IgG, this construct has been recently approved for the treatment of rheumatoid arthritis 

(i). 

Monitoring the level of antigen binding activity as described above is a useful way to determine improvements in 
10 the activity of the engineered Ab fragments. In addition, HIV neutralization tests are performed to confirm that 
the activity of the clones has been improved. This is important because the molecular manipulations may induce 
unintended changes in epitope specificity. Similarly, subtle changes in the properties of the Fv after recloning as 
full-length Abs cannot be excluded. Therefore, careful monitoring of the behavior of full-length IgG/IgM Abs 
containing the Fv V domains is carried out. Potential alterations in antigen recognition could occur due to the 
15 V L -V H linker segment. Some Fv constructs tend to aggregate due to intermolecular interactions (this occurs when 
intramolecular V L -V H pairing is disfavored). In such instances, changing the order of the V L and V H domains in 
the Fv construct can help relieve intramolecular constraints and restore the predicted behavior. The Fv 
expression method described here is a non-denaturing system. In the unlikely event that problems are 
encountered with correct folding or low expression levels, we can employ alternative expression systems, e.g., 
20 the baculovirus expression system. 

We have optimized phage technology in our lab and have identified high affinity phage Abs to several antigens. 
Care is taken to minimize skewing library diversity due to bias in protein expression or growth rates, e.g. phage 
libraries are not propagated serially as far as possible. The number of selections is minimized by using 
alternative procedures such as affinity chromatography permitting single step recovery of low and high affinity 
25 binders as the elution pH is progressively reduced to elute the phages. The proportion of phages with full-size 
inserts often decreases at successive cycle of enrichment Fv insert size is monitored between selection steps by 
PCR to ensure that full-length insert are maintained. Use of a novel hyperphage packaging system allows 
recovery of phages free of bald particles devoid of displayed Fv which are commonly seen in conventional 
helper phage packaging systems 

30 Domain linkage and expansion. The neutralizing potencies of the lupus Fv clones compare favorably with 
monovalent Fab fragments and bivalent IgG Abs proposed as candidates for HTV immunotherapy. A further gain 
in potency is realized by recloning the monovalent Fv clones as bivalent IgG. The IgG version of a monovalent 
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Fab has previously been reported to displays 400-fold increased neutralized potency due to enhanced binding 
avidity (2). Decavalent expression of the monovalent Fv should increase the HTV-1 binding avidity further. 

Another important factor is the pharmacokinetics of full-length Abs versus Fv and Fab fragments. Half-lives for 
Fv and Fab constructs are usually on the order of hours, whereas IgG and IgM Abs display half-lives ranging 
5 from weeks to days, respectively. Therefore, to achieve persistent neutralization of the antigen, the preferred 
reagents are the full-length Abs. On the other hand, the smaller Fv constructs may offer tissue penetration 
capabilities superior to full-length Abs. For example, Fv constructs intended for HIV immunotherapy may 
permeate tissue viral reservoirs more efficiently than the full-length Abs. 

The constant domains bring to Abs certain effector functions, for example, the ability to fix complement, 
10 mediate Ab-dependent cellular cytotoxicity and bind Fc receptors expressed on antigen presenting cells. 
Moreover, recloning of the Fv as IgA Abs permits protection against HIV-1 in mucosal fluids, as IgA Abs can 
cross epithelial surfaces. 

Full-length Abs are obtained from Fv constructs by recloning into mammalian cell expression vectors. The 
vectors contain cDNA encoding the constant domains of the desired Ab class and subclass (3). Fv recloning as 

15 IgGl and IgM constructs is accomplished by standard methodology (4). The vectors are available commercially, 
for example, from Lonza. The vectors contain human Ab constant domains flanked by restriction sites for 
insertion of foreign V domains. V L and V H domain cDNA are amplified from pHEN2 plasmid DNA using 
back/forward primers containing appropriate restriction sites present in the vectors. The V L domain of the Fv is 
cloned into the vectors on the 5 f side of the k constant region, and the V H domain on the 5* side of the 

20 appropriate heavy chain domain (e.g., yl, a and jx constant regions). The vectors contain have antibiotic 
resistance genes for selection. Stable transfectants are prepared in CHO cells or another mammalian cell line (Ab 
yield, 5-30 jxg/ml). Purification of IgG, IgA and IgM is done using immobilized protein G, anti-IgA and anti- 
IgMAb. 

Increased avidity of HIV-i binding can also be obtained by forming multimers of the Fv. For example, 
25 tetravalent Ab fragments are generated by placing a 33-amino acid self-aggregating peptide derived from the 
GNC4 protein at the C terminus of an Fv construct (reviewed in ref 5). The peptide associates noncovalently 
into a 4-hclix bundle, permitting expression of multiple valencies by the homotetramer. As the overall binding 
strength for multivalent binding (binding avidity) is substantially greater than the sum of the binding strength for 
the individual combining sites, virtually irreversible binding can be obtained by these means. The linker 
30 methodology can also be applied to generate bispecific Abs, i.e., Abs comprised of two Fv components with 
differing antigenic specificity (5). In this instance, the goal is to target two distinct antigens, e.g., a bispecific 
construct directed to the transferrin receptor and CD3 is shown to direct CD3+ T cells to lyse cells expressing the 
transferrin receptor. 
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Domain linkage technologies can also be applied to prepare conjugates of Abs with toxins such as ricin and 
pseudomonas exotoxin to induce death of infected cells. The Ab component of the engineered construct lends 
specificity for individual target molecules. For example, the specificity of Ab-toxin conjugates for tumor 
associated antigens helped limit generalized negative effects of the toxin (6). Similarly, binding of an Ab 
5 conjugate of P-lactamase to tumor cells allows activation of a doxorubicin prodrug in the vicinity of the tumor 
cells (5). 

Affinity maturation in vitro. As noted previously, the antigen binding affinity strength is a key determinant of 
the neutralization potency of Abs. Selective binding of antigens to the B cell receptor (surface Ab complexed to 
Iga and IgP subunits) expressing the greatest binding affinity drives the proliferation of B cells. Thus, V domain 

10 mutations that enhance the binding affinity are selected, a process termed affinity maturation. This process is 
simulated in vitro as follows. Mutations are introduced into the CDRs using mutagenic primers and the mutant 
molecules are expressed on the surface of phages. Antigen binding is employed to fractionate phages with the 
greatest binding affinity. The process is repeated several times, with additional mutations introduced at each 
cycle followed by the phage separation by antigen binding. Antigen-specific Fv clones with binding affinity as 

15 great as 10 10 -10 n M" 1 (Ka) have been obtained using as starting material the Fv repertoire expressed by 
unimmunized human donors. The 6 CDRs of the VL and VH domains contain about 100 amino acids. Study of 
Abs that are comprehensively mutated at these residues with each of the 20 natural amino acids is impractical 
because of the large size of the resultant mutant library (~100 2 ° clones). CDR3 of the VH domain is often chosen 
for introducing mutations, as antigen contacts at CDRH3 are thought to impart specificity to antigen-Ab 

20 interactions. Several groups have reported that optimizing the structure of the V H CDR3 improves the antigen 
binding properties (7-10). An example of improved HIV-1 recognition by this strategy follows. 

V H CDR3 can be up to 23 residues in length. Each CDR3 residue is replaced by all possible 20 amino acids 
using a CDR walking mutagenesis procedure employed previously by other groups (7,8). As it is impractical to 
use phage libraries larger than ~10 8 clones (due to constraints imposed by phage solubility and transfection), 

25 mutagenesis is done in a stepwise fashion. For example, the 5 N-terminal CDR residues are initially randomized 
and the resultant phage library (library 1) is selected for binding to gpl20 (or whole HIV) as described above. 
Then the next 5 CDR3 residues is randomized (library 2), followed again by antigen binding selection. This 
process is repeated until the entire CDR has been spanned. In this scheme, library 1 is composed of 6.4 xlO 7 
clones, a number of clones that can be easily manipulated. At each subsequent step, a few selected clones with 

30 favorable properties (see screening procedure below) are identified addition mutagenesis. By this process, 
optimization of the gpl20 binding and HIV-1 neutralizing properties is achieved. 

Randomization of the V H CDR3 residues is done by the method described in ref 8, consisting of 
mutagenesis by overlap extension. Essentially two separate PCR amplifications are carried out, 
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corresponding to amplification of the Vh cDNA region in which no mutation is to be introduced and 
another amplification of the cDNA region to be mutated. In the latter PGR, mutagenic back primers are 
employed, containing all 4 bases at each position to be mutated. Once the two unmutated and mutated 
PCR products are ready, they are linked by overlap extension (by annealing of short complementary 
5 oligonucleotide regions incorporated within the back and forward primers of the two PCR reactions). 
The cDNA containing the entire Vh region is then inserted into the original position of the Vh in 
pHEN2 vector, yielding a library containing an unmutated V L domain linked to the mutated Vh domain. 
The cDNA library is electroporated into TGI cells and phages displaying, the Fv are packaged using 
helper phage. Phage concentration are determined by coating 100 {il/well of phage samples diluted in 

10 100 mM NaHC03 pH 8.6 for 45 minutes at 37 °C. A phage standard is employed (standard curve 
ranges from 0.5 pM to 20 pM phages). Wells are washed and then blocked with skim milk in buffer. 
Wells were washed between each incubation. Detection of coated phages is with rabbit anti-Fd (1 : 1000) 
followed by goat anti-rabbit horseradish peroxidase (1:1000). Color is developed with OPD (o- 
phenylenediamine; Sigma) and reaction was stopped with 10N H2S04. Plates are read at 490 nm 

1 5 (BioRad plate reader). 

The phages (~10 12 ) are then subjected to selection for binding to gpl20. For screening of selected 
phages, Nunc Maxisorp plates are coated directly with gpl20 or with 10 |xg/ml streptavidin (Sigma) 
followed biotinylated gpl20 in 100 mM NaHC03 pH 9.5 for 1 hour at 37 °C. The plates are blocked 
with skim milk and washed 3 times 2 minutes each with PBS containing 0.1% skim milk between each 
20 incubation step. Then Fv clones are incubated in the wells for 1 hour at 37 °C. Detection is with anti-c- 
myc Ab, followed by anti-mouse IgG. Competition ELISAs are performed by conducting Fv 
incubations in the presence of soluble polypeptides. 

The V L and V H domains of the resultant Fv constructs are sequenced and the sequences compared with the 
parental Fv clone to identify the V domain mutations associated with the improved biological activity of the 

25 engineered clones. Flow cytometry analysis is useful to confirm the reactivity of the Fv with native HIV. HIV- 
infected cells are used for this experiment. Staining infected cells is performed using standard methods. Briefly, 
5 x 10 5 HIV-infected and non-infected, PHA activated PBMC (negative cell control) is incubated with the 
primary Ab or Ab fragment for 45 minutes on ice followed by 2 washes in PBS. Then appropriate secondary Ab 
labeled with a fluorescent probe is added and further incubated on ice for 45 minutes followed by washing twice 

30 in PBS. Stained cells are then fixed with 0.1% formalin in PBS and stored at 4°C in the dark until analysis. Flow 
cytometric analysis is performed by customary methods using side/forward scatter measurements to identify live 
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cells. Controls include uninfected cells as well as nonimmune Abs. The flow cytometry analyses can help 
determine apparent Ab binding affinities for trimeric gpl20 expressed on infected cells. Increasing 
concentrations of Ab are added to infected cell lines (H9 infected with a lab-adapted strain or PBMC infected 
with various clades, followed by detection of the bound Ab. Flow cytometry is performed and mean 
5 fluorescence intensities are obtained from each concentration of the Ab. Data are fitted to the one site reversible 
binding model to determine apparent binding affinity. 

Avidity of gpl20 binding is determined by surface plasmon resonance methods. Briefly, sensor Chip SA from 
Biacore has a carboxymethylated dextran matrix that is pre-immobilized with streptavidin. Bt-gpl20 is incubated 
with a streptavidin-sensor chip. Then the Abs are flowed across the sensor chip. Sensorgrams are compared 
10 amongst the different monomelic and multivalent proteins to determine which molecule binds with the highest 
avidity. 

In addition to the strategy described above, favorable mutations can also be introduced in the V domains on a 
rational basis to improve the binding affinity (recent example, ref 1 1), particularly if structural information is 
available about the antigen-Ab complex. For instance, candidate amino acids suitable for mutagenesis can be 

15 identified by molecular modeling or X-ray crystallography information. Molecular modeling of Ab V domains 
is carried out using combined homology and ab initio algorithms. Computer programs with strong predictive 
value for tracing peptide backbone topography have been developed, but side chain positions are more difficult 
to predict. Modeling is initiated by identifying the database Fab/Fv structure with the greatest sequence 
homology. Canonical structures for the FRs, VL CDR1-3 and VH CDR1-2 are available. Regions of greatest 

20 variability (particularly VH CDR3 loop structure) are iteratively energy minimized under a suitable force field. 
The ligand can be positioned in the hypothetical binding site to identify candidate residues suitable for rational 
mutagenesis. For instance, replacement of a small neutral amino acid with a similarly sized charged residue can 
be attempted as a means to introduce an additional electrostatic stabilizing interaction. Uncertainties regarding 
the outcome of such attempts relate to the non-rigid character of protein-protein interactions. Binding of antigens 

25 is accompanied by conformational changes in the antigen as well as the Ab. Induced conformational transitions 
are likely to be more profound in the vicinity of the contact residues, but longer range conformational alterations 
are not excluded. 

V L -V H hybridization. In addition to Fv clones, L chain clones from lupus libraries displaying the correct 
specificity for gpl20 are available for improvement by engineering methods. Ab V domains can recognize 
30 antigens independently of each other, albeit with reduced binding affinity compared to the native combining site 
formed by the VL and VH domains. The binding activity of the individual VL domains comprising the anti-HIV 
L chains is improved by searching for compatible VH domains from suitable VH libraries. The feasibility of this 
approach is suggested by the following considerations: (a) The V L and the V H domains are independently 
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capable of binding antigens (12,13), with the V H domain providing the major contribution to overall antigen 
binding specificity (14). An example of this is the improved recognition of the antigen VIP by pairing of a VIP 
recognizing L chain with its partner VH domain (15). Li principle, such an approach could be employed to 
obtain Abs that are superior to natural antigen-specific Abs. There is no bar to repeated rounds of affinity 
5 improvements in vitro. In comparison, biological forces governing B cell development impose upper limits to Ab 
specificity and affinity in vivo. On the other hand, the ability to manipulate the two V domains separately can be 
exploited to useful ends. 

Individual VH domains from Abs with established gpl20-recognizing activity, e.g., Ab clones Sl-1 or bl2 can 
be employed as the lupus VL domains partners. Alternatively a library of VH domains is employed to increase 

10 the probability of finding appropriate VH domains capable of forming a compatible V L -V H molecular interface 
(i.e., an interface that brings the CDRs into sufficient spatial proximity to form a functional catalytic site). The 
most favorably paired V L -V H domains are then identified by phage selection methods even if they constitute a 
minority of the overall combinations. Suitable V H domain sources are the HIV-1 infected individuals, who 
produce large amounts of specific anti-gpl20 Abs. Another suitable source of VH domains is transgenic mice 

15 expressing human Abs that are immunized with gp!20 or synthetic gp 120(42 1-436), e.g., XenomouseTM mice 
produced by Abgenix Inc. Methods for immunization of these mice are as described by us previously (16), by 
administration of gpl20 or synthetic gpl20(421-436) conjugated to carrier proteins. Preparation of Fv libraries 
from the HIV-infected individuals and the transgenic mice is essentially as described above. Phages expressing 
Fv are subjected to selection by binding to gpl20 or synthetic gp 120(42 1-43 6) as before, allowing recovery of 

20 Fv clones as the source of VH domains. A large proportion of V H domains from these Fv clones can be 
anticipated to independently recognize gpl20, as suggested by studies that the V H domain provides a dominant 
contribution in noncovalent antigen recognition. Such VH domains are suitable as partners for the anti-HIV L 
chains isolated from lupus patients. 

Methods to generate the hybrid Fvs are in place in our lab (15). Essentially, the cDNA of the V L cDNA is 
25 amplified from the vector using primers containing the appropriate restriction sites necessary for cloning into 
pHEN2 vector containing the Fv constructs. The linker sequence is contained within the vector. Following 
removal of the endogenous Vl domain cDNA by restriction digestion, the desired V L domain is ligated into the 
vector. VH domains from phage DNA selected as in the preceding paragraph (from HIV-1 infected individuals 
and transgenic mice) are then ligated into the vector, and hybrid Fv phages are packaged. The hybrid phages 
30 expressing hybrid Fv are subjected to selection and screening for binding of the appropriate gpl20 antigenic 
preparation. The success of this strategy is reflected as an increase in the gpl20 binding and HIV-1 
neutralization of the Fv clones compared to the parental L chain. 
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VL-VH orientations: If needed the orientation of the V domains in the Fv is changed. Some groups 
investigating Fv binding have not found a significant difference in the ability of Fv to bind antigen in either 
orientation (VH-VL or VL-VH) (17,18). Briefly, oligonucleotide primers are synthesized to PCR-amplify the 
VH with Sfi I and Xho I restriction sites such that it can be ligated into the 5' position. Likewise, are 
5 synthesized to amplify the VL for ligation 3' of the linker into Apa LI and Not I sites. The Fv in both its 
orientations is purified and tested for binding to gpl20 and neutralization of HIV. 

Linker effects: As noted previously, Fv constructs can undergo inter-molecular aggregation (19-21). To 
determine such effects, the Fv is analyzed by gel filtration columns. Peaks corresponding to each multimeric 
species are identified by comparison with retention times of standard proteins, and the proportion of Fv existing 
10 in monomelic and aggregate state is computed. ELISA studies are conducted as a function of soluble Fv 
concentration and these results are compared with the concentration dependence of the aggregation phenomenon. 

The length and constitution of the linker peptide can exert important effects. Optimization of the linker can be 
done, for example, by randomization of the linker sequence, followed by identification of the variants showing 
the desired behavior. An example of one of a preferred strategy for this purpose follows. As retention of linker 

15 flexibility is necessary, glycines in the linker are maintained and serines at linker positions 2, 7, 12 and 15 are 
substituted with all 20 amino acids using a modification of the randomization method of Tang et al. (22). This 
has the effect of offering a variety of VL-VH interfacial interactions, some of which alleviate aggregation effects 
and improve functional behavior. Briefly, an oligonucleotide with an Nco I restriction site at the 5' end of the 
oligo and an Xho I site at the 3' end is synthesized such that the codons corresponding to serines 2, 7, 12 and 15 

20 are randomized and allow incorporation of all 20 amino acids. The diversity of this linker library is 3.2 x 10 6 . A 
complementary anti-sense 15-mer hybridizing with the 3' end of the primer containing an Xho I site is used to 
generate double stranded linker. This mutagenized linker library is ligated into pHEN2 containing Sl-1 VL and 
VH and used to transform TG-1 cells followed by phage production. The linker library is subjected to selection 
for binding of gpl20 or synthetic gpl20 peptides. Screening for HIV neutralization is done as before to identify 

25 the best variant. 
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Example 4 

20 Antigenic HERV identification 

Determining the identity of expressible endogenous sequences with homology to residues 421-436 of gpl20 in 
lupus patients is useful for several purposes, including identification of the HERV element(s) driving the 
synthesis of Abs that recognize gpl20 and development of novel vaccine candidates. Examples of the strategies 
employed for this purpose follow. 

25 Endogenous human sequences homologous to gpl20. Increased expression and/or increased immune 
responsiveness to endogenous retroviral sequences homologous to residues 422-432 is believed to drive the 
synthesis of Abs that recognize gpl20. This is based on previous studies suggesting that residues 421-432 form 
the core epitope for lupus Ab recognition and new database analyses identifying a genomic HERV-L sequence 
with partial homology to gpl20 residues 422-432. No sequence homology between residues 422-432 and known 

30 human proteins is evident, although other regions of gpl20 are homologous to certain proteins (1-3). 
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Initial study of expressible gpl20-related sequences is done using mRNA from PBMCs. The main advantage of 
PBMCs is their availability for comparisons between healthy donors and lupus patients. Certain HERV mRNA 
species have previously been identified in PBMCs. HERV expression can be tissue specific. If PBMCs do not 
contain mRNA species encoding the gpl20 related sequences, additional tissues can be screened. Alternative 
5 sources are commercial cDNA libraries prepared using mRNA from pooled human tissues (e.g., brain, liver, 
lung; available from ClonTech). An interesting alternative is the use of mRNA from the placentae of healthy 
and lupus patients. HERV sequences are expressed at high levels in the placenta (4-6), and pregnancy is known 
to influence the clinical symptoms of autoimmune disease. Full-term placentae are accessible from healthy and 
lupus subjects with minimal delay after delivery, whereas other tissues must be collected from autopsy or rare 
1 0 biopsy procedures. 

Total RNA and mRNA from healthy individuals and uninfected lupus patients positive for Abs (N=20 each) that 
bind gpl20 at residues 422-432 are prepared by standard phenol extraction and oligo-dT purification methods 
taking care to minimize ribonuclease digestion of the RNA. Reverse transciptase-polymerase chain reaction 
(RT-PCR) is used to amplify the desired cDNA. The forward primer is oligo-dT (15 mer). As examples, the 

1 5 following two back primers are tested: (a) the primer corresponding to the consensus sequence of gpl20 residues 
422-432 [caaattataaacatgtggcaggaagtaggaaaa]; and (b) the primer corresponding to the sequence of HERV-L 
region homologous to gpl20 residues 422-432 [caaattaaaaactttttaaagaaagtaggaaaa]. RT-PCRs conducted with 
PBMCs from HIV+ subjects serves as the positive control. This yields a well defined PCR product because of 
expression of the gp 120 gene in infected cells. Genomic DNA is analyzed in parallel to determine whether 

20 nonexpressible sequences homologous to residues 422-432 are present. A primers complementary to a non- 
expressed gene sequence (e.g., an intron sequence) is used as the negative control to assure specificity of 
amplification. The reactions are carried out at several temperatures and MgC12 concentrations to vary annealing 
permissivity and allow annealing despite partial mismatches with the template. The size of the cDNA product 
depends on the number of nucleotides in the mRNA separating the poly A tail from the gpl20 422-432 region. 

25 We have previously applied similar degenerate annealing methods to amplify Ab V sequences, which contain 
homologous but non-identical 5' ends. Once a well-defined PCR product has been demonstrated, it is sequenced. 
For this purpose the PCR product is cloned into a suitable vector [e.g., cloning via Sfi I and Not I restriction sites 
into pCANTAB5His6 followed by conventional didexoynucleotide sequencing]. Homology analyses identifies 
the gene from which the PCR product is derived [Blastn; HERV database, http://herv.img.cas.cz: as noted above, 

30 the PCR product corresponds to a gene fragment]. 

The foregoing strategy allows detection of any endogenous mRNA encoding a peptide determinant homologous 
to residues 422-432. An alternative approach is to focus exclusively on HERV elements. Numerous HERV 
sequences have emerged from the human genome project, and an initial systematic organization of HERV 
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sequences into a databases has become available. Close to the 5' terminus of HERV sequences are found short 
nucleotide stretches homologous to retroviral tRNA binding sites (designated primer binding site or PBS; 
presumably these sites once served as primers for reverse transcription of the viral genes)Twenty two HERV 
families are distinguishable based on their resemblance to known retroviruses [e.g., HERV-L members contain a 
5 PBS homologous to tRNA^ u and the pol sequence is similar to that of foamy viruses]. Therefore, the alternative 
experimental approach employs the gp 1 20 residue 422-432 as forward primers and back primers corresponding 
to the PBS. This method has been applied to identify other expressible HERV elements (4,5,7). The advantage of 
this approach is that the full-length gene corresponding to the mRNA of interest can be readily cloned once the 
correct expressible HERV sequence has been identified, i.e., by using the HERV-specific back primer combined 
10 with an oligo-dT primer that anneals the poly A tail. The disadvantage is that expression of the gpl20 422-432 
homolog may occur as a HERV fragment inserted into another gene [in this case the PBS may not be present in 
the expressed gene]. 

Quantification of the expressible mRNA: Once the identity of the PCR product corresponding to gpl20 
residues 422-432 has been confirmed, comparative measurement of mRNA levels in healthy individual and 

15 lupus patients is desirable by real-time quantitative RT-PCR [that is, if expression is not restricted to lupus 
patients]. Briefly, a fluorescently-tagged primer is employed and each PCR cycle results in an increase in 
fluorescence (measured by hydrolysis of the amplified product) that is directly proportional to the number of 
product molecules, which in turn is a direct measure of the number of template amplicons. Total RNA from at 
least 20 healthy and lupus patients each is treated with RNase-free DNase I and serves as template. Primer 

20 sequences are based on the cDNA sequence information obtained from the preceding section. The initial few 
cycles are run using a primer set with a comparatively low Tm. In second phase of the PCR, the fluorescent 
primer is designed to anneal with a higher Tm. The number of PCR cycles needed to yield reliable signals are 
standardized. Amplification of an mRNA like p-actin or cyclophilin mRNA is done in parallel. 

Further immunological and genetic analyes: Further experimental maneuvers are dictated by the results of the 
25 preceding studies. For example, the cDNA identified in the preceding section could correspond to a previously 
characterized, fiill-length HERV protein. Another scenario is that a relatively short HERV element homologous 
to residues 422-432 is inserted into a gene encoding a non-HERV protein. For illustration, following is a brief 
description of certain general methods. The gene fragm e nt identified to be homologous to gpl20 is radiolabeled 
with [ 32 P]dCTP using a commercially available kit and applied as a hybridization probe to screen a cDNA library 
30 such as the human leucocyte expression library in X phagemid available from Clontech [obtained from human 
RNA pooled from 585 Caucasians; contains long cDNA inserts > 3 kbases, mostly corresponding to full-length 
genes]. If the desired gene is found to be expressed only in lupus patients, a new cDNA library from PBMC of 
lupus patients is constructed as in (8). Standard hybridization methods can be applied to identify and sequence 
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the clone(s) annealing with the probe, which helps identify the full-length gene encoding the peptide determinant 
homologous to gpl20 residues 422-432. Following confirmation of the presence of an open reading frame 
(http://www.ncbi.nlm.nih. gov/gorf/gorf. htmD. the cDNA corresponding to the full-length is recloned in an 
appropriate expression vector [e.g., baculovirus system to ensure appropriate post-translational processing; a his6 
5 tag can be introduced to allow rapid purification] . 

At this point, antigenicity and immunogenicity studies become feasible. Two types of studies are done: (a) 
demonstration of specific recognition of the purified recombinant protein by Fv clones and full-length Abs 
described in Aim 2 [clones JL413, JL427, GL2, GL59]; and (b) use of the recombinant protein as immunogen to 
induce monoclonal Abs that neutralize HIV because of specific recognition of gp!20 residues 422-432. 
10 Methods for this purpose are essentially as described before. Generation of monoclonal Abs is described in our 
previous publications (e.g. ref 9). 

An alternative strategy is the use of a cDNA phage display library expressing mRNA isolated from lupus 
patients. This strategy allows screening of the library for antigens reactive with the gpl20-specific Abs isolated 
previously from lupus patients. However, this approach suffers from several technical pitfalls, including 
15 difficulties in ensuring expression of large full-length proteins in native conformation on the phage surface. 

In view of the unique properties of lupus Abs, identification of the underlying immunogen driving their synthesis 
may help advance anti-HIV vaccine design. It is reasonable to assume that such an immunogen must exist to 
support maturation of B cells responsible for specific Ab synthesis. This is supported by the presence of 
extensive replacement mutations clustered in the CDRs of lupus Abs that recognize gpl20 [compared to the 
20 FRs] , a hallmark of adaptively-matured V genes. 
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